REPORT  DOCUMENTATION  PAGE  AFRL-SR-BL-TR-00- 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  ii  *  f  f  data  sources, 

gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  S  /)  sped  of  this 

collection  of  information,  includina  suaaestions  for  reducina  this  burden,  to  WashirlSic.a,  Headouarters  S t  t  J  '  /  f  ^(215  .Ipffersnn 

Davis  Hiqhway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budqet,  Paperwork  Reductio  . 

1.  AGENCY  USE  ONLY  (Leave  Blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

August  14,  2000  Final  Report  08/01/1995  -  09/30/1998 

4.  TITLE  AND  SUBTITLE 

Dynamics  of  Solitary  Wave  Pulses  Near  the  Zero-dispersion  Wavelength 
in  Optical  Fibers 

5.  FUNDING  NUMBERS 

F49620-95-1  -0443 

6.  AUTHORS 

Triantaphyllos  R.  Akylas 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Massachusetts  Institute  of  Technology 

Department  of  Mechanical  Engineering;  Room  3-264 

77  Massachusetts  Avenue 

Cambridge,  MA  02139-4307 

8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Office  of  Scientific  Research 

AFOSR/NM 

801  North  Randolph,  Rm  732 

Arlington,  VA  22203-1977 

10.  SPONSORING  /  MONITORING  AGENCY 
REPORT  NUMBER 

N/A 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release; 

Distribution  unlimited. 

12b.  DISTRIBUTION  CODE 

| 

13.  ABSTRACT  (Maximum  200  words) 

A  theoretical  study  was  made  of  the  propagation  characteristics  of  solitary  wave  pulses  near  the  zero-dispersion 
wavelength  (ZDW)  in  optical  fibers.  A  variety  of  solitary  wave  profiles  are  possible  near  the  ZDW  and  some  of 
them  are  found  to  be  stable  to  perturbations.  These  findings  might  prove  of  some  technolgical  significance  in 
long-distance  communications,  as  second-order  dispersion  vanishes  at  the  ZDW  so  the  newly  discovered  solitary 
waves,  which  are  of  shorter  duration  than  the  usual  solitary  waves  in  the  anomalous  dispersion  regime,  could  be 
utilized  to  increase  the  transmission  bit  rate. 


14.  SUBJECT  TERMS 

Optical  fibers,  long-distance  communications,  solitary  pulses,  stability,  nonlinear 
dynamics 

15.  NUMBER  OF  PAGES 

3 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

UNCLASSIFIED 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

UNCLASSIFIED 

20.  LIMITATION  OF  ABSTRACT 

SAR 

NSN  7540-01-280-5500 


mC  QUALITY  INSPECTED  4 


Standard  Form  298  (Rev.  2-89) 
Prescribed  by  ANSI  Std.  Z39-1 
298-102 


P.I.:  T.  R.  Akylas 

AFOSR  AASERT  Grant  No.F49620-95-l-0443 


2 


1.  Objectives 

The  main  objectives  of  this  project  are: 

(a)  To  examine  the  nature  of  solitary  wave  pulses  close  to  the  zero-dispersion  wavelength 
(ZDW).  This  includes  the  question  of  existence  of  such  pulses  and  their  stability  to 
frequency  and  amplitude  perturbations. 

(b)  To  explore  the  possibility  of  using  these  waves  in  soliton-based  long-distance  communi¬ 
cation  systems.  This  calls  for  a  study  of  the  robustness  of  such  pulses  in  the  presence 
of  perturbations  caused  by  attenuation,  birefringence,  the  Raman  effect,  as  well  as  non¬ 
uniformities  along  the  fiber. 

2.  Status  of  Effort 

We  have  studied  the  effects  of  higher-order  dispersion  on  NLS  solitary  wave  pulses  (in  the 
anomalous  dispersion  regime  away  from  the  ZDW)  of  relatively  short  duration.  It  turns  out 
that  such  pulses  emit  radiation  which,  however,  cannot  be  described  accurately  by  the  NLS 
equation  and  its  extensions. 

The  radiation  of  tails  is  caused  by  a  resonance  mechanism  that  lies  beyond  all  orders  of  the 
usual  multiple  scale  expansion  leading  to  the  NLS  equation,  and  a  procedure  for  calculating 
these  tails  using  exponential  asymptotics  has  been  devised.  Despite  having  exponentially  small 
amplitude  in  the  asymptotic  sense,  the  radiated  tails  can  be  significant  when  dealing  with  pulses 
of  relatively  short  duration. 

3.  Accomplishments/New  Findings 

The  existence  of  solitary  waves  near  the  ZDW  and  the  fact  that  these  waves  are,  according 
to  all  indications,  not  unstable  (contrary  to  opposite  claims  made  in  previous  work)  might 
prove  of  some  technological  significance  in  long-distance  communications.  Because  second- 
order  dispersion  vanishes  at  the  ZDW,  the  newly  discovered  solitary  waves  are  of  shorter 
duration  than  their  NLS  counterparts  (with  the  same  peak  amplitude),  and  they  could  be 
used  to  increase  the  transmission  bit  rate.  Moreover,  understanding  the  radiation  emitted 
by  relatively  short  NLS  solitary  wave  pulses  in  the  anomalous  dispersion  regime  should  be 
beneficial  in  controlling  this  radiation  and  thereby  reducing  noise. 
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